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ABSTRACT 


The nasal capsule of RAampholeon platyceps shows extreme dorso-ventral 
flattening and simplification. 'Thereis no organ of Jacobson present and the olfactory 
cavity is small. The taeniae and pilae of the orbitotemporal region are much reduced. 
There is a greatly reduced columella auris, but no middle ear cavity. 'The fissura 
` metotica is closed, the hypoglossal nerve emerging through a foramen of its own. 
There is a remarkably large processus anterior tecti. 'The skull, although definitely 
akinetic, has a well developed basi-trabecular joint. 'The alisphenoids are absent. 
The maxillaries meet each other in the midline ventrally, posterior to the premaxil- 
laries. 'The sguamosals have a unigue “* 'T ”-shape. All the bony elements of the 
lower jaw excepting the splenial are present. 
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INTRODUCTION 


This paper is part of an investigation carried out in the Institute for Zoology of 
the University of Stellenbosch at the suggestion of Mr. A. Loveridge of the Museum 
of Comparative Zoology at Harvard College to determine whether the cranial 
characters of the two primitive chamaeleontid genera, Brookesia and Rhampholeon 
confirm his opinion, derived from taxonomic data, that these two genera are actually 
indistinguishable. 

The material which was preserved in alcohol was decalcified for a week in 
formol-nitric acid, bulk-stained in borax-carmine, sectioned at 15u, and counter- 
stained in an azan solution. 'The graphic reconstructions were made according to 
Pusey's (1939) excellent method. Insight into the general topography of the 
Chondrocranium was greatly facilitated by the construction of a wax plate model 
by o D. van Z. Engelbrecht and myself of the chondrocranium of Microsaura 
pumila. 

The earliest description of the chamaeleon skull is that of W. K. Parker (1881). 
Rhampholeon platyceps was first described by Giinther in 1892. Werner's work 
(1911) is on the taxonomy of the chamaeleons, and his descriptions of the cranial 
morphology are very brief. Unfortunately Siebenrock's work on the skull of 
Brookesia superciliaris is unobtainable in South Africa. Methuen and Hewitt 
noted in 1914 that up to that time no really good account of the chamaeleon skull had 
been published. Their own account is based on the description of dried skulls and 
is conseguently at times misleading. 

The affinities of the Chamaeleontidae are fully dealt with by Camp (1923) in his 
“* Classification of the Lizards”. He supports (Cope's opinion that the 
Chamaeleontidae are an offshoot of the Agamidae. Camp also notes that, at the time 
he wrote, no undoubted fossil chamaeleons had been found, but Brock (1941) gives 
guite a long account of various fossils purported to be chamaeleontids which have 
been found since, and discusses their relationships with the Lacertilia in general. 
Broom (1935), Brock (1941) and Malan (1946), hold a slightly different view on the 
origin of chamaeleons, maintaining that they might have diverged from a pro-agamid- 
iguanid stock. 

The differences between the skulls of Brookesia and Rhampholeon as gathered 
from Methuen and Hewitt's work (1914) are, the presence in Brookesia of lateral 
processes to the parietal meeting the pro-otic region, and the fact that the nasal is 
large and unpaired and borders the nasal opening. Both these characters are absent 
in the skull of RAampholeon. 'These authors, together with Werner (1911), and 
Fitzsimons (1943), have incorrectly described the skull of RAampholeon as having no 
tabular (supratemporal, also known as the sguamosal in earlier literature) or vomer. 
Camp guotes Methuen and Hewitt (1914) as stating that the tabular is absent in 
Rhampholeon. 


MORPHOLOGY OF THE CHONDROCRANIUM AND 
RELATED STRUCTURES 


ETHMOID REGION 


The nasal capsule, though reminiscent of a typical lacertilian's, has many 
modifications, probably because of the unigue mode of feeding. The dorso-ventral 
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compression of the reptilian nasal capsules, noted by Beecker, who is auoted by 
Fuchs (1908), is very pronounced in the Chamaeleontidae; this may be correlated 
with the large size of the tongue. “The degree of compression is least in Chamaeleo 
chamaeleon (Haas 1937), and most in Rhampholeon platyceps, with Microsaura 
pumila (Engelbrecht, in press) forming an intermediate stage. This is especially 
noticeable as far as the nasal septum is concerned. ln Ch. chamaeleon the septum 
passes forward to the tip of the snout, whereas in M. pumila it dwindles away in the 
anterior third of the capsule. The nasal septum of Rhampholeon platyceps does not 
appear to exist at all, except in the region of the choana where it forms a low ridge 
between the two backwardly directed wings of the lamina transversales anterior. 


The interorbital septum becomes lower and lower anteriorly until, at the point of 
fusion With the cCapsules, all that remains is the planum supraseptale. 


` PAT 


PAI FLN MM 


Figure I 


Graphic reconstruction of the Chondrocranium; lateral aspect. 


BT, basitrabecular process; CA, cupola anterior; CE i j 

: ' ; CA, cul OT; , cartilago ectochoanalis; EF, epiphani 

as FLO. ees EER nasi; FO, op fenestra; FS, fenestra septalis; TA RE. 
s , pila accessoria; 1, processus alaris inferior; PANT, pil ica; 

PAT, processus anterior tecti; PMET, pi T EERS TE RR 

i s , pila metoptica; PROM, processus maxillaris; PSS, pl 
supraseptale;. OU, guadrate; SI, interorbital sept ” ni jalis; oi dese 
ee eo ptum; TM, taenia medialis; TS, tectum synoticum. 


As in other chamaeleons, there has been extensive fusion of the planum suprasep- 


tale with the posterior portion of the c j i 
apsule, so that nothing remains of the 
sphenethmoidal commissures, cavum orbitonasale, or the foramina olfactoria 
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advehens and evehens. 'This, as suggested by Brock (1941), is probably a result of 
the enlargement of the orbit. 

The nasal capsule as a whole is much more compact and simplified than that 
found in most Lacertilia. There is neither a fenestra superior nor a fenestra lateralis. 
The tectum nasi is, as a result, a continuous, broadly curving, semicylindrical structure 
arising medially from the almost completely suppressed nasal septum, which dorsally 
forms the bottom of a shallow groove between the two tecti. Posteriorly it flattens 
and passes into the planum supraseptale. Anteriorly its boundary is indicated by 
the fissura apicale (Fig. 2 FA), which is behind the anterior limit of the nasal capsule, 
but not as far back as in Microsaura ventralis (Brock 1941), or in M. pumila. This 
fissure does not close in the adult to form a foramen apicale, as is the case with 
M. ventralis and M. pumila. 

The extreme antero-lateral edge of the tectum does not end so abruptly as do 
the more posterior portions (Fig. 2), but projects laterally about a third as far again 
before running sharply down. At the extreme antero-ventral corner of this projec- 
tion, the processus alaris inferior (Fig. 3 PAD) may be found lying in a horizontal 
plane below the external narial opening. 'This projection, to which the alaris inferior 
is attached, is the sole representative, if it can be considered as such, of the cupolae 
anterior (Fig. 2 CA). 'The vertical anterior wall itself is totally absent, a condition 
reminiscent of Chelonia and Crocodilia (de Beer 1937) in which the external nares are 
anterior and not lateral in position. .This absence is, however, only apparent, sinte, 
owing to the peculiar rotation of the anterior portion of the nasal capsule, the domes 
of the cupolae now arch upwards instead of forwards. They are, moreover, widely 
separated, the median portion of the lamina transversales anterior, which in M. 
pumila forms the cartilaginous capsules of the organs of Jacobson (Engelbrecht, in 
press), appearing on the dorsal surface between them. The boundary between the 
lamina and cupolae is indicated by the fissurae apicales (Fig. 2 FA). Conseguently 
the lateral portions of the lamina transversalis anterior (Fig. 3 LTA) have shifted their 
direction, coming to lie almost antero-posteriorly. ' 

Attached ventrally to the lamina transversalis anterior is the cartilago 
ectochoanalis (CE). . It is divided into two broad arms, an inner which supports 
the lateral edge of the choana for some distance, and an outer which lies 
below the anterior end of the ductus nasolacrimalis (Fig. 4 CE). Dorsal and 
posterior to the cartilago ectochoanalis, the lamina transversalis anterior joins the 
parietotectal cartilage in the postero-lateral corner of the capsule. 'The backward 
migration of the duct of the lateral nasal gland has caused a considerable indentation 
of the posterior wall of the fenestra narina, leaving a long fissura lateralis nasi (Fig. 1 
FLN). There is no secondary fusion of the fissura in front as may be found in AM. 
pumila and M. ventralis, notwithstanding the fact that there is no septomaxillary to 
prevent fusion. 'The gland itself lies on the outer surface of the capsule below the 
foramen through which emerges the nervus lateralis nasi, which appears to innervate 
the gland. There is no sign of a concha nasalis. 

As a result of this backward migration of the duct, the zona annularis lies at an 
angle of about 45” to the septum. This migration is forshadowed in the Jguanidae 
(Malan, 1946). No trace can be found of the paranasal cartilage, unless it be the 
small piece of cartilage continuous with the parietotectal cartilage above, and the 
lamina transversalis anterior below and behind, the epiphanial foramen (Fig. 1 EP). 

The processis maxillares (Fig. 2 PROM) have been reduced to a pair of flat 
cartilaginous lamellae lying on the palatine and maxillary bones. Having no dorsal 
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process as in M. pumila, they give no indication in the adult of having been associated 
. f 7 Si. . | 
EE EES Ee bitale would appear to be totally absent m Rhampholeon, 


he planum antor : 
de no posterior wall whatever to the capsule, which posteriorly gradually 


FA 


FSA 


IMM . 


Figure 2 


Graphic reconstruction of the Chondrocranium; dorsal aspect. 


FA, fissura apicale; FAB, foramen for abducens nerve; FAV, foramen for accessorio-vagus nerve; 
FC, carotid foramen; FH, foramen for hypoglossal nerve; FOLF, fenestra olfactoria; FSA, fossa 
subarcuata: ONC, orbitonasal canal; PC, parietotectal cartilage. Other abbreviations as in 
previous figure. ' 
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flattens and narrows to pass uninterruptedly into the interorbital septum. 'The 
attenuated planum antorbitale is probably represented by the narrow piece of cartilage 
which runs behind the orbitonasal canal and under the ethmoid nerve. Tt is fused 
to the nasal septum medially (Fig. 2). 

Contrary to conditions pertaining in M. pumila, where the planum supraseptale 
is large, thus forcing the nervus ethmoidalis to enter the orbitonasal canal ventrally, 
the relations are more normal here, and can be explained by assuming complete 
fusion of the planum antorbitale with the sphenethmoid commissures, which are in 
turn fused to the parietotectal cartilage and the septum nasi, leaving only the foramina 
olfactoria (Fig. 2 FOLF) and the orbitonasal canal open (ONCO). : 

The ramus ethmoidalis enters the orbitonasal canal at the extreme postero-lateral 
corner of the nasal capsule and immediately divides into its two constituent rami, 
in a very similar fashion to that of M. ventralis (Brock, 1941), viz., a ramus medialis 
and a ramus lateralis (Fig. 5). 'The ramus lateralis immediately passes out of the 
canal on to the paries nasi, to innervate the lateral nasal gland. We must thus assume 
that, similar to M. ventralis and M. pumila, the foramen epiphaniale is incorporated 
in the orbitonasal canal, making it possible for the ramus lateralis to pass directly 
to the nasal gland without entering the nasal capsule at all. The ramus medialis, 
Once inside, takes a transverse medial course through the capsule, running close to 
the roof, and emerges anteriorly through the fissura apicale. 

The palate of R. platyceps is sitmpler than that of Lacerta as there are no organs 
of Jacobson. As the choanal papilla (Choanenpapille of Fuchs, 1908) is also absent, 
the determination of the posterior boundary of the primitive palate is diffidult. 
The paired Choanal grooves start as shallow furrows in the palate at the point where 
the ectochoanal cartilage is confiuent with the lamina transversalis anterior. As they 
stretch backwards, the choanal grooves, lying between the lamina transversalis 
anterior (Fig. 4 LTA) above and the ectochoanal cartilage below (CE), become 
progressively deeper laterally. They reach their maximum lateral extension soon 
after the end of the ectochoanal cartilage is reached. These Cartilages do not support 
the lateral edges of the actual functional choana, but rather the edges of the choanal 
folds (Choanenfalten of Fuchs) (CF). 'The cartilago ectochoanalis is itself in 
turn supported by a processus medialis of the maxillary (PPOM). 

At the point where the ectochoanal cartilage ends, the connective tissue floor 
to the nasal cavity abruptly terminates, allowing free communication between the 
nasal cavity through the inner choana (Fig. 5 IC), an extremely short choanal passage 
(Choanengang of Fuchs), and the choanal grooves, which at this point receive the 
nasolacrimal duct (DNL). 

The ductus nasolacrimalis is a wide, thin-walled duct when it leaves the antero- 
ventral corner of the orbit, passes forward over the outside edge of the processus 
maxillaris, and then suddenly turns medially to open into the wide choanal grooves 
(Fig. 4 CG). Since an organ of Jacobson is absent there is no '* Winkeltasche ” 
running forward in the choanal groove as described by Fuchs for Lacerta. 

The shortness of the choanal passage supports the theory that the nasal capsule 
in Chamaeleontidae has been flattened dorso-ventrally, presumably to accommodate 
the extraordinarily large tongue.: 

At the point where the connective tissue floor ends, at the anterior border of the 
choana, a second inner choanal fold may be found (Fig. 5 ICF). 'This fold is attached 
laterally to the lamina transversalis anterior (LTA), and lies parallel and dorsal to the 
proper choanal fold. Between the two folds the ductus nasolacrimalis opens (DNL). 
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is inner choanal fold disappears where its cartilaginous support terminates. The 
EE gradually gets oer and merges with the orbitonasal groove. ie 
groove may be said to begin where the two choanal grooves become deep EE 
(jo form a continuous trough in the roof of the mouth. Anteriorly, in its centre, the 
vomerine pad (Vomerpolster of Fuchs) (Fig. 4 VP) is very wide and high, filling up 


the groove and separating the two choanal grooves; but, passing backwards, the pad * 


j Fi ill, i j i he functional 
teadily narrows (Fig. 5 and 6 VP), till, in the posterior region of th 
od i de se disappears. The hindmost part of this pad is supported 
dorsally by the anterior processes of the palatines (Fig. 6 PAL) which at this poin 
surround the posterior end of the fused vomer (V). je 


MM 


Figure 3 


Graphic reconstruction of the cartilaginous nasal capsule; ventral aspect. 
SN, septum nasi. Other abbreviations as in previous figures. 


On the termination of the pad, the orbitonasal groove becomes '* U `-shaped 
and is bounded ventrally by the two choanal folds, which are so well developed that 
they overlap each other, thus forming a ductus nasopharyngeus (Fuchs, 1908) which 
continues until the folds disappear in the middle of the orbital region. A similar 
duct is described by Fuchs for the Scincidae and Chamaeleo. Fuchs identifies another 
pair of folds, the “* mediale Seitenfalten ” in Lacerta. These appear to be present, 
but considerably reduced, in R. platyceps. 

The large vestibulum into which the external naris opens laterally is surrounded 
by exceptionally thick walls with a keratinised epithelium (Fig. 4 VES). The actual 
cavity of the vestibulum is conseguently narrow, and from the naris it first runs 
inwards, then turns backwards to run more than half-way through the total length 
of the nasal capsule before passing over into the nasal cavity proper, which has much 
thinner walls consisting of reduced olfactory epithelium. 

The relation between the choana and olfactory cavity is rather primitive, the 
former being present over the entire floor of the latter. There is no antorbital cavity, 
since the nasal cavity becomes progressively shallower till it merges with the mouth- 
cavity. 'The duct of the lateral nasal gland (DGL) pierces the wall of the vestibulum 
just in front of the anterior boundary of the olfactory cavity. 

The course of the nasal passages is almost straight throughout, except for the 
short, anterior, laterally directed portions of the vestibula. They run parallel to the 
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longitudinal axis of the capsule, the vestibulum passing straight into the olfactory 
. cavity. 'The two sections are differentiated only by their characteristic linings. 

There is a set of muscles which runs in an arch from the anterior, lateral edge of 
the lamina transversalis anterior to the lower edge of the external narial opening. 
A smaller set runs from the tectum nasi to the dorsal edge of the external naris. The 
function of these two sets of muscles appears to be that of opening the naris. No 
trace of any musculature for closing the naris could be found. 


THE ORBITOTEMPORAL REGION 


The structure of this part of the chondrocranium is far simpler than that of 
either the nasal or auditory regions, and lacks the intricate latticework of taeniae 
and pilae of Lacerta (Gaupp, 1900). 'The consolidation and reduction found in the 
nasal capsule are reflected in the structure of the orbitotemporal, region. For 
example, the double nature of the planum supraseptale is entirely masked, and the 
complete loss of the taenia marginalis has simplified this region, and, together with . 
the partial absence of the taenia medialis, has left the trabecula communis as the only 
connexion between the orbitotemporal and auditory regions of the chondrocranium. 
(Fig. 1). 

The floor of the chondrocranium in the orbitotemporal region is uninterrupted. 
There is no trace of the hypophysial fenestra except for the paired foramina carotica, 
anterior to which the floor narrows, making the skull tropytrabic. 'The floor through- 
out is nearly horizontal, except at the point of origin of the processus basitrabecularis 
where it runs obliguely upward before continuing horizontally once more to fuse with 
the interorbital septum. 

The ventral edge of the septum is horizontal until just behind the nasal capsule 
where it slopes down to meet the nasal septum (Fig. 1). 'The interorbital septum is a 


Figure d 

Transverse section through the nasal region showing the lateral nasal gland and ' EE 

: ; GNL, glandula 

F, ch fold; CG, choanal grooves; DGL, duct of the lateral nasal gland; 

EE Ee Er maxillary; N, nasal; ONG, orbitonasal groove; PAL, palatine; PF, preie 

PM premaxillary; PPOM, processus palatinus OSSIS maxillaris; RLAT, ramus lateralis of V; 

RMED, ramus medialis of V; V, vomer; VES, vestibule; VP, vomer pad. Other abbreviations 
as in previous figures. 
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strongly developed, vertical, cartilaginous plate of considerable height. It retains 
a large fenestra septi (Fig. 1 FS$) in the centre below the planum supraseptale. 
Anteriorly, however, behind the point where it passes over into the nasal capsule to 
become the septum nasi, it is imperforate and does not enclose a smaller fenestra 
septi as in Lacerta. * 

Tt is difficult, in view of the fused state of the chondrocranial floor, to determine 
whether the supratrabecular bar, mentioned by Gaupp (1900), joining the pila 
metoptica to the pila antotica, is present or not. Seeing that it is of such an inconstant 
character even in Lacerta, it is probably absent in the Chamaeleontidae where reduction 
is a characteristic of this region. 

On the antero-lateral edge of the basal plate, lateral to the carotid foramina 
(Fig. 2 FC), the almost rectangular basi-trabecular plates arise. (As this is an adult 
specimen no distinction can be made between basisphenoid and parasphenoid.) 
They are attached to the floor of the chondrocranium by comparatively broad bases. 
Their lower edges are closely associated with the upper edges of the pterygoids 
(Fig. 16 PTG), each of which is provided with a meniscus pterygoideus (MPT). 
Careful examination of this sliding articulation reveals no fusion between the two 
faces of cartilage. In fact there is a well developed synovial joint. Movement 
between the maxillary and occipital segments (Versluys 1912) should thus be possible 
at this joint. Brock (1941) notes that in M. ventralis the relation between the nmieniscus 
pterygoideus and the basi-trabecular process ** does not give the appearance of an 
adeguate joint ”. In M. pumila, which lies halfway between M. ventralis and R. 


platyceps, with respect to this articulation, the cartilages are partially fused on one . 


side while in the other basi-trabecular joint they are free to move upon each other. 


1 MM 


' Figure by 


Transverse section through the nasal region showing the branching of the ethmoidal nerve. 


DNL, ductus nasolacrimalis; F, frontal: IC, inner choana; ICF, inner choanal fold; MOS. 


musculus obliguus superior; NC, nasal cavity; NETH, ethmoidal * 
Other abbreviations as in previous figures. j : OE 
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Versluys (1912), discussing Chamaeleon and Brookesia, says that a limited amount of 
movement is possible in this joint. $ 

The long processus ascendens of Lacerta is completely absent in R. platyceps 
and M. pumila. A minute nodule of cartilage above the pterygoid represents the 
remains of this process in M. ventralis (Brock, 1941). 

The small planum supraseptale (Fig. 10 PSS) has lost its original paired character, 
thus making it impossible to fix accurately the point where the interorbital septum 
(S1) passes over into it. Rice (1920) points out that in lizards generally the large 
fenestra septi (FS) is not really a fenestra but an indentation of the septum, the upper 
margin being formed by the edges of the paired planum supraseptale. If this is the 
case, then complete fusion of the orbital cartilages has taken place at this point in 
R. platyceps, to form a vertical sagittal plate which dorsally flattens at its highest 
point to form a small indented platform on which rest the ends of the olfactory 
tracts (NOLF). Below this point, as the olfactory tracts run towards the nasal 
capsule, they are only supported by the rounded edge of the septum and planum 
supraseptale. More anteriorly, before fusing with the parietotectal cartilage of the 
nasal capsule, it again broadens slightly to form a trough which accommodates the 
nerves (Fig. 2). 

The paired taenia medialis arise at the extreme postero-lateral corners of the 
planum supraseptale (Fig. 2 TM). 'The taenia passes obliguely ventrolaterally 
and ends where it meets the pila metoptica (PMET). The latter projects from the 
trabecula communis close to where it forms the interorbital septum, and curves 
Ooutwards to where it meets the taenia medialis. lt continues dorsally as the pila 
accessorla (PAC) to a point where it is syndesmotically attached to the parietal. 
- Low down on'the pila metoptica there is a small cartilaginous process which is 

directed towards the pila antotica. 'This may represent a portion of the posterior 
half of the taenia medialis (Fig. 1). It is not at the level, however, that one would 
expect the taenia medialis to continue towards the pila `antotica. As the pila 
sy epeea is ossified it whould really be called an orbitosphenoid. 

No structural distinction can be made between the trabecula communis, 
subiculum infundibulum, and the cartilago hypochiasmatica, at the point where the 
pila metoptica meets the floor of the chondrocranium. 'They are all fused into 
one simple whole. The various parts may, however, be distinguished according to 
their various functions, which still remain the same. 

The taenia marginalis is aborted. 'The pila antotica (de Beer, 1937) (Fig. 2 
PANT) is represented by a small cartilaginous stump on the antero-lateral corner of 
the basal plate. 

On account of this reduction in the orbital region, there is only one complete 
foramen left, the optic foramen. It is bounded anteriorly by the posterior edge of 
the interorbital septum, dorsally by the taenia medialis, postero-laterally by the pila 
accessoria, and ventrally by the fused cartilago hypochiasmatica and subiculum 
infundibulum. Although the pila antotica is so small, the normal Lacertilian condi- 
tions still obtain as regards the emergence of the nerves and blood-vessels from the 

| €ranial cavity. 


THE AUDITORY REGION 


Until the ontogeny of RAhampholeon platyceps is studied, the homology of the 
various structures in the auditory capsule cannot be identified with certainty. 'The 
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homology of the fenestrae ovalis and rotunda and the associated recessus scalae 
tympani is especially problematical. 


Figure 6 


Transverse section through the posterior portion of the nasal capsule showing the entrance of the 
olfactory nerve. 


AF, arteria facialis:; NOLF, nervus olfactorius; RMAX, ramus maxillaris of V. Other abbreviations 
as in previous figures. 


The otic capsules of RAampholeon have a well rounded appearance, not much 
indication of internal structure being disclosed from the outside by prominentiae. 
On the medial surface, however, may still be found a fossa subarcuata (Fig. 2 ESA) 
marking the boundary between the anterior semicircular canal and the utriculus. 
Dorsally, at the point where in Lacerta the taenia marginalis joins the auditory 
capsule, the capsule is strongly ridged. As we pass backwards towards the bridging 
tectum synoticum, the ridge gradually becomes continuous with the general capsular 
surface. 

The tecti synoticum and posterius are completely fused, forming the upper 
margin to the foramen magnum. 'The anterior edge of the arch thus formed has a 
remarkably large processus anterior tecti (PAT), which stretches forward in a slightly 
irregular curve the whole length of the capsule, ending vertically above the internal 
carotid foramina. 'The tectum is also produced backwards into a small posterior 
process. 'This enlargement of the tectum is probably correlated with the development 
of a casgue. 

The line of attachment between auditory capsules and basal plate is very extensive. 
The fissura metotica is structurally non-existent, its position being marked by the 
foramina for the glossopharyngeal, accessorio-vagus, and hypoglossal, nerves (Fig. 2). 

Tnternally the cavity of the auditory capsule is characterised by the large diameter 
of the semicircular canals and the apparent absence of a septum intervestibulare; 
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FAVA  FH 


Figure 7 


Graphic reconstruction of the skull; ventral aspect. 


FBP, fenestra basicranialis posterior; FF, foramen for the facial nerve; FP, fenestra for ramus 
palatinus of V; PO, postorbital; PTG, pterygoid; SO, sauamosal; TR, transversum. Other 
abbreviations as in previous figures. 
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in this it resembles Chrysemys (de Beer, 1937) (Fig. 13 and 14). The general internal 
topography is the same as in Lacerta, the semicircular canals occupying the same 
position, and joining the vestibulum in the same manner. The septa semicirculares 
are all very small and only partially shut off the semicircular canals from the main 
cavity (no recessis ampullae could be distinguished). The membranous labyrinth 
sectioned too poorly for any attempt to be made to describe it. | 

On the medial surface, just above the foramen faciale, which has the usual 
Lacertilian position, is situated the foramen acusticum anterius near where the basal 
plate fuses with the otic capsule. In this region the auditory capsules have, in 
Cross-section, a narrow. base and are roughly diamond-shaped. Both acoustic 
foramina enter the capsule ventrally and are overhung by the otic capsule which 
swells out above them. Slightly postero-dorsally to the foramen acusticum anterius, 
the second auditory nerve pierces the capsular wall (Fig. 13 FAP). 'The posterior 
acoustic nerve branches within the medial capsular wall, thus entering the labyrinth 
by two openings, the one situated obliguely above the other. Between the anterior 
and posterior acoustic foramina there is a small unchondrified area of capsular 
wall where it rises from the basal plate. In this same area, high up in the medial 
wall, the ductus endolymphaticus has its dorsolaterally facing foramen (DE). 

On the lateral surface, in the wall of the cavum cochleare, there is one very 
large fenestra partially bordered by cartilage like the foramen ovale in Ablepharus 
pannonicus (Haas, 1935). It faces ventrolaterally and lies medial to the guadrate 
(OU); this is the only lateral opening in the otic capsule. lt is closed by a delicate 
membrane and is situated in close proximity to the basal plate, but is wholly 
surrounded by the cochlear capsular wall. As there is no footplate to the columella 
auris, it is difficult to ascertain whether it represents the foramen ovale or not. 
Opposite it, posteriorly in the median wall of the capsule, there is an opening into the 
Cavum cranii. Here we have three free edges of cartilage (Fig. 14) resembling those 
Surrounding the recessus scalae tympani of other Lacertilians, as described by Gaupp 
(1900), and Brock (1929). 

In the Chamaeleontidae the tympanum is absent and the distal end of the 
columella auris is usually embedded in an extra-columellar muscle. 'The merest 
vestige of cartilage (about 954), lying opposite the more posterior part of the lateral 
fenestra in the otic capsule, is all that could be homologised with the columella auris 
in Rhampholeon (Fig. 13 CAU). Tt is in the shape of a short rod pointing towards 
the fenestra and completely hidden beneath the guadrate. Its proximal end is 
guite some distance from, and unattached to, the membrane. Versluys (1898) 
notes that in Chamaeleo vulgaris the distal end is attached to the guadrate. In both 
Rhampholeon and Microsaura pumila there is no such attachment, even though in 
Microsaura the columella auris lies very close to the guadrate. The supposition 
that this cartilage represents a stapes is borne out by the relations it has to the vena 
capitis lateralis (VCL), stapedial artery (SA) and chorda tympani (CHT). 

Immediately behind the lateral fenestra, the glossopharyngeal nerve leaves the 
cranial cavity through a canal of its own. The membranous roof of the latter is 
presumably the dura mater, and its bony floor the ossified lamina hypotica. The 
course of the glossopharyngeal is accordingly very similar to that described by 
Versluys (1936) for the Chelonia, where the nerve passes through the saccular cavity 
of the otic capsule to enter the lateral portion of the recessus scalae tympani. 
de Beer (1937, page 401) notes that “* in Reptiles the glossopharyngeal nerve never 
traverses the cavity of the capsule, but it runs through that anterior part of the fissura 
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Figure ê 


Graphic reconstruction of the skull; dorsal aspect. 
JU, jugal; PAR, parietal; TAB, tabular. Other abbreviations as in previous figures. 
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- metotica which forms the recessus scalae tympani, and as the walls of that recess tend 


to become enclosed in cartilage in some forms, the nerve appears to traverse the 
capsule.” That this is what has happened in Rhampholeon, where there is apparently 
no apertura lateralis scalae tympani is further borne out by what Versluys (1898, 
page 259) says of Chamaeleo vulgaris. '“' Eine #ussere Oeffnung eines Recessus 
scalae tympani fehlt; an seiner gewêhnlichen Stelle findet sich nur das sehr kleine 
Loch fir den Glossopharyngeus, der bei den Lacertiliern stets durch die 4ussere 
Miindung des Recessus heraustritt ”. The only alternative is to assume fusion of 
the fenestrae ovalis and  apertura lateralis recessus scalae tympani into one large 
opening. The magnitude of the lateral opening seems to suggest this, but as the 
glossopharyngeal does not pass out of it, it is unlikely. This leaves the homology 
of the opening in the medial wall of the capsule (Fig. 14) in this region still unanswered. 
Tt is guite possibly the displaced apertura medialis of the recessus scalae tympani 
through which the ductus perilymphaticus normally leaves the capsule of the cavum 
cranii. Unfortunately the course of the duct could not be traced in my material. 

The structure of the middle ear in the Chamaeleontidae is very variable. Versluys 
(1898) describes a reduced cavity in Chamaeleo vulgaris, whereas in both Microsaura 


Figure 9 


Graphic reconstruction of the skull: lateral aspect. Abbreviations as in previous figures, 
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pumila and Rhampholeon it is absent. This is of course related to the loss of the 
tympanic membrane and correlated reduction of the columella auris. In Acontias 
(de Villiers, 1939), where the middle ear is also absent, the columella is surrounded 
by a lymph cavity. In Rhampholeon a tube leaves the buccal cavity laterally, and for 
the first part of its course is lined with an epithelium similar to that of the buccal 
Cavity. Its point of exit is just ventral to the foramen for the facial nerve. Tt passes 
between the wall of the pharynx and the large musculus adductor pterygoideus 
(Lakjer, 1926). Further back it runs between this muscle and the floor of the 
cranium. At the point of articulation of the jaws, behind the musculus pterygoideus, 
this tube (Fig. 13 ET) terminates. Here there is a loosely packed mass of thin-walled 
cells. There are small aggregations of fibrous matter scattered throughout the 
mass. 'The cell mass is surrounded by thin connective tissue. The histological 
detail of the sections is too poor to warrant a description of the cell structure. 'The 
mass of cells lies medially to the columella auris, and the stapedial artery lies on its 
dorsal surface. A large blood lacuna partially surrounds the mass, but no connecting 
vessels between the two could be detected. The lacuna is supplied by minute arteries 
from the region of the wall of the pharynx and drains into the vena capitis lateralis. 

Only a study of the ontogeny of this reptile will decide what this unusual structure 
is, but the course and position is very similar to that taken by the Eustachian tube 
in those Lacertids which have a functional middle ear cavity, except that it is longer 
and its lumen narrower than is usual. The mass of cells at the upper end of the tube 
closely resemble the anlages of the Thymus, which develop in Lacerta from the second 
and third visceral clefts, those of the first, i.e. the Eustachian tube, degenerating after 
a while (de Lange, 1947: Maurer, 1898). 

The guadrate is in the shape of an inverted pyramid (Fig. 1 OU) whose broad 
upper end is syndesmotically attached to the otic capsule which has no pronounced 
€rista parotica, while ventrally it articulates with the lower jaw. A sturdy ridge 
runs obliguely up the lateral surface, functioning as a region of attachment for jaw 
muscles. On its anterior surface arises a portion of the musculus adductor 
mandibulae externae (Lakjer, 1926) (Fig. 13 AE), while the posterior surface gives 
attachment to fibres of the depressor mandibulae (DM). 

In Lacerta this laterally situated ridge is also used for the attachment of the 
anterior edge of the tympanum. Versluys (1898, page 279) states that in those forms 
where the head is narrow, for example fossorial forms, reduction of the ridge results, 
followed by the loss of the tympanum. “ Auch bei Chamaeleon geht die schmale 
Kopfform Hand in Hand mit dem Fehlen der Lamella und des Trommelfels ”. 
Nevertheless, we find that Microsaura, which has a high narrow cranium, still has a 
ridge of about the same relative size as in Rhampholeon, which, in contrast, has a 
rather wide cranium, especially in the region where the guadrate is attached to the 
otic capsule (Fig. 7). (Neither of these forms has a tympanum). 'This leads one to 
the conclusion, in this case at least, that the size of the ridge is not very closely related 
to the relative breadth of head, and that the principle function of the ridge is to form 
a point of attachment for muscles and not for the tympanum. Ventrally the guadrate 
articulates with the articular of the lower jaw in the normal lacertilian manner, viz., 
there is a transverse socket in the articular into which fits a laterally elongated knob 
of the guadrate, making a hinged joint with movement in only one plane. s] 

The ramus palatinus of the facialis approaches the more typical lacertilian 
condition in its relationships with the cranium than that of Chamaeleo vulgaris, 
where it runs over the processus pterygoideus. In RAhampholeon it soon approaches 
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Figure 10 


Transverse section through the region of the eye. Abbreviations as in previous figures. 


the internal carotid after leaving the ganglion geniculatum, and, where the artery 
passes into the parabasal canal, it divides, one branch accompanying the internal 
carotid, while the other continues over the basipterygoid process. (This branch 
may in actuality be a sympathetic branch, as found in birds). In the canal the artery 
branches, one branch entering the cavum cranii through the carotid foramen, while 
the other one, together with the branch of the nervus palatinus, runs anteriorly, and 
passes through a foramen in the anterior portion of the processus basi-trabecularis, 
to appear on the ventral surface of the skull. Soon after emerging, the two palatine 
branches anastomose and run forward, eventually passing through an opening in 
the os palatinum. 

The ramus hyomandibularis passes back from the ganglion geniculatum keeping 
close to the ventrolateral wall of the cranium (Fig. 13 NH). Near the fenestra 
ovalis it branches, and the smaller branch continues over the rudimentary columella 
auris as the. chorda tympani (CHT). After making a slight curve over the latter- 
it bends down and enters the lower jaw through a foramen near the point of articula, 
tion with the guadrate. 

A short distance beyond the origin of the chorda tympani, another nerve, 
innervating the depressor muscle of the mandible, branches off from the hyomandi- 
bular. No trace of the ramus communicans internus, the first nerve to branch off 
from the hyomandibular (described by Versluys for Chamaeleo vulgaris), could be 
found in RAampholeon. Posteriorly the hyomandibular divides again, one branch 
continuing back without change, while the other, the ramus communicans externus, 
anastomoses with the ganglion petrosum of the glossopharyngeal. 

The accessorio-vagus (Fig. 15 AV) and the hypoglossal (H) nerves, although they 
leave the cranial cavity by two separate foramina, emerge ventrally through a fissure 
formed by the edge of the basal plate and the side of the otic capsule which bulges 
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at this point, giving the appearance of a single foramen from the outside. It was 
not possible to observe further anastomoses of the three nerves as they are situated 
In a very restricted space. 

The bony elements of the auditory capsule and closely associated basal plate 
and occipital regions are separated by synchondrosis. Below the trigeminal ganglion, 
the prootic has an anterior process (Fig. 12 PRO) which arises from the anterior 
part of the wall of the auditory capsules. Here, as behind the ganglion, the prootic 
1$ separated from the sphenoid (SPH) by synchondrosis. No line of demarcation 
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Figure II 


Transverse section through the region immediately in front of the otic capsule. 


ADI, arteria dentalis inferior; AE, adductor externus: AIPS, adductor internus pseudotemporalis; 
AIPT, adductor internus pterygoideus:; AN, abducens nerve; APN, arteria palatino-nasalis; AR, 
fused articular, prearticular and surangular; CC, carotis cerebralis; CHT, chorda tympani; CR, 
coronoid: D, dentary; G, gonial; GC, ganglion ciliare of V(c); TOV, interorbital vein; MK, 
Meckel's cartilage; PP, musculus protractor pterygoideus; RMAN, ramus mandibularis of V; 
RP, ramus palatinus of V; VCL, vena capitis lateralis. Other abbreviations as in previous figures. 
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is visible between the prootic and the exoccipital except where they are separated by, 
the foramen ovale (Fig. 13 EOC PRO). The supraoccipital (Fig. 14 SOCO), however, 
remains as a distinct element completing the foramen magnum dorsally and forming 
the upper portions of the labyrinth. 'The opisthotic, where present, is fused to the 
exoccipital, but, since there is no crista parotica in Rhampholeon, it may guite possibly 
be absent in this form. 


THE BASAL PLATE AND OCCIPITAL REGION 


The limits of the basal plate are difficult to ascertain in the ossified chondro- 
cranium. 'The fissura metotica and fenestra basicranialis posterior have both been 
filled up by encroaching bone. Posteriorly the margin of the basal plate is marked 
by the ventral border of the foramen magnum, While laterally its limits are shown by 
the single hypoglossal foramen, the jugular foramen, and the large median foramen in 
the auditory capsule (Fig. 2). It then skirts the basivestibular commissure and forms 
the ventral edge to the incisura prootica. Anteriorly it stretches to the bases of the 
pilae antoticae. 

The basisphenoid and parasphenoid are completely fused, forming the compound 
sphenoid (de Beer). A well developed tuberculum sphenoccipitale (Fig. 1 TSO) 
of the exoccipital is present. 'There is no processus cultriformis. In the region of 
the vestigial fenestra basicranialis posterior the sphenoid lies ventrally to the anterior 
part of the basioccipital. The dividing line between the two bones is not altogether 
clear, as a certain amount of fusion has taken place. 'Two small foramina for the 
internal carotids are the only vestiges of the hypophysial fenestra (Fig. 2 FO). . 

The fenestra basicranialis posterior is reduced to a narrow irregular fissure 
(Fig. 7 FBP). 'The occipital condyle is exactly similar in shape to that of Lacerta. 
Its constituents, viz., the basioccipital ventrally and the paired exoccipitals laterally, 
are clearly visible, being separated by synchondrosis (Fig. 15 BOC and EOCO). 

The course of the internal carotid is along the ventro-lateral edge of the cranium. 
, In the region of the fenestra ovalis it gives off the stapedial artery, and continues 
forwards penetrating the skull base just posterior to the basitrabecular process. 
Inside the parabasal canal it divides, one branch, the carotis cerebralis (Fig. 11 CO), 
passing to the brain, while the other, in company with a ramus of the nervus palatinus 
EO again from the skull and is known as the arteria palatino-nasalis 

The stapedial artery (Fig. 13 SA) describes an arc under the hyomandibular 
nerve and gives off two branches: the one, known as the arteria facialis (Versluys 
1898) (AF), passes behind the guadrate and runs anteriorly, giving off anterior and 
dorsal branches, to the adductor mandibularis muscle, continues along the sguamoso- 
postorbital arch, down the jugal and along the maxillary, till it enters a canal in 
the bone beneath the cartilaginous processus maxillaris posterior. The other branch 
runs between the pterygoid and the inside of the lower jaw, where it is known as the 
arteria dentalis inferior (ADD). 

The vena capitis lateralis (VCL) accompanies the internal carotid, giving off in 
front of the pila antotica a vena capitis medialis (Goodrich, 1930), and then continues 
its course dorsal to the processus pterygoideus.. Accompanying the accessorio-vagus 
nerve out of the jugular foramen is a small blood-vessel that could represent a jugular 
vein. Unfortunately, the sections do not reveal what its connections are with the 
other blood-vessels in the vicinity. 
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Figure 12 


Transverse section through the ganglion of the Trigeminal nerve. 


GG, ganglion Gasseri; ICA, internal carotid artery; PRO, prootic;, SPH, sphenoid. Other 
abbreviations as in previous figures. 


THE MEMBRANE BONES OF THE SKULL 


The premaxillaries are fused and partly covered ventrally by palatal processes 
of the maxillaries (Fig. 7 and 8 PM). Dorsally the fused bone tapers between the 
paired nasals to which it is attached by dense connective tissue (Fig. 4). It does not 
bound the nasal openings. Its more anterior part has the shape of an inverted 
triangle, with the apex directed ventrally between the maxillaries. Further back 
it is separated from the latter by the olfactory capsular cartilage and lies in a shallow 
groove between the two tecti (Fig. 4). Anteriorly the nasals are overlapped by the 
fused premaxillaries, but, on passing backwards, this element becomes reduced to a 
thin vertical lamina of bone, the processus nasalis, which passes imperceptibly into 
the frontal whose anterior median process lies wedged between the nasals. 
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There is no apical foramen as there is in Lacerta; this is probably associated 
With the rotation of the anterior nasal regions already discussed in connection with 
the cartilaginous nasal capsule. Instead, the ramus medialis of the trigeminal 
emerges on the lateral surface of the maxdllary between it and the lateral extension 
of the tectum nasi. Correlated, in all probability, with this rotation is the fact that 
by far the largest portion of the fused premaxillaries is dorsal in position. Although 
Gadow (1901) notes that in the Chamaeleontidae there are no teeth on the premaxil- 
lary, there appears to be a pair of much reduced teeth on this bone in Rhampholeon. 


Figure 13 


Transverse section through the region of the columella auris showing its relations to the neighbouring 
blood-vessels and nerves. 


BOC, basioccipital; CAU, columella auris; DE, ductus endolymphaticus; DM, musculus de 
Ê ps ; DE, ; ; ressor 
mandibulae; EOC, exoccipital; ET, Eustachian tube; FAP, foramen accusticum EE NH, 


hyomandibular nerve; SA, stapedial artery; SOC, supraoccipi iati i 
EE ee TY , Supraoccipital. Other abbreviations as in 
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The nasals (Fig. 8 N) are a pair of very small bones overlapping the fused 
premaxillaries anteriorly, and lying in two grooves under the frontal posteriorly. 
Nowhere along their length do they touch each other, being separated either by a 
posterior process of the fused premaxillaries or by an anterior process of the fused 
frontals. 'They, together with the fused frontals, form a covering to the trough in 
the planum supraseptale in which lie the olfactory tracts. .Since they cover this 
trough they also close the fenestra olfactoria. 

The frontals are fused into a single large bone, by far the largest in the skull 
(Fig. 8 F). Its most anterior point lies between the nasals (Fig. 6). On account of 
the extremely large orbits, the lateral edges of the fused frontals are lifted, making a 
very obtuse angle with each other. Anteriorly the lateral edges articulate with the 
prefrontals, slightly overlapping them. Some distance behind the prefrontals, the 
fused frontals rise slightly in height, forming a peculiar ridge or escarpment running 
in an arc transversely across the cranium. 'There is no possibility of there being any 
mesokinetic articulation between the frontals and the parietals as their suture is a 
complicated one, the frontals being overlapped for a short distance by the parietals 
With which they share the articulation with the postorbital. 'The frontal, together 
with the prefrontal, forms the upper margin and roof to the orbit, and further back 
it covers the olfactory lobes and anterior portion of the brain. 'The pila accessoria 
is embedded in the ventral aspect of the compound suture between the frontal, parietal, 
and postorbital. It is connected to these bones by dense connective tissue. According 
to Camp (1923), there is a pineal foramen present in the frontal of the 
Chamaeleontidae. Tn Rhampholeon there is no sign of such a foramen, and 
in Microsaura (Engelbrecht, in press) it is situated in the suture between the frontals 
and the parietals. 

Like the frontals, the parietals are fused into a median element, triangular in 
shape (Fig. 8 PAR). Anteriorly it forms a roof to the brain, but posteriorly it 
narrows, and, together with the steeply rising sguamosal, forms the characteristic 
casgue above the occiput, as described by Gadow (1901) for the Chamaeleontidae 
in general. In RAampholeon the casgue is rather small and does not project behind 
the skull. The anterior edge of the fused parietals is attached to the fused frontals, and 
by their antero-lateral corners to the postorbitals. The middle portion of the fused 
parietals is supported by the supraoccipital crest (Fig. 14 SOC) to which they are 
closely dovetailed. 'The processus anterior tecti which projects anteriorly from the 
supraoccipital crest (Fig. 11 PAT) is likewise closely applied to the ventral surface 
of the parietals. It runs to the anterior margin of the united parietals. Throughout, 
the lateral edge of the parietal serves as a point of insertion for the musculus adductor 
externus (Fig. 11 AE), and also for the pseudotemporal division of the musculus 
adductor internus (AIPS) (Lakjer, 1926). 

The prefrontals (Fig. 8 PF) are attached posteriorly by extensive sutures to the 
frontals which overlap them slightly. Each has an anterior process which lies along 
the upper margin of the external narial opening, the anterior margin of which is 
cartilaginous, being formed by the lateral extension of the cupola anterioris (Fig. 9). 
The postero-ventral margin to the external naris is formed by the maxillary and its 
dorsal process which runs up to meet the prefrontal, slightly overlapping it laterally 
(Fig. 4). Each prefrontal has a relatively large ventral process attached to the lateral 
edge of the palatine (Fig. 6 PAL) which is here interposed between the prefrontal and 
the planum supraseptale. 'The prefrontal forms a bony dorso-lateral roof to the 
nasal capsule. Tts ventral process, together with the palatine, forms the anterior 
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Figure I4 


'Transverse section through the supra-occipital crest and tabular. Abbreviations as in previous 
figures. 


margin to the orbit. In this region the nasolacrimal duct passes ventro-laterally to 
the prefrontal and dorsally to the maxillary. 'The lateral nasal gland (Fig. 4 GNL) 
lies between the prefrontal and the lateral wall of the nasal capsule being thus wholly 
enclosed on all sides except ventrally where only a layer of dense connective tissue 
separates it from the choanal grooves (CG). 

On the dorsal surface of the nasal capsule in C. chamaeleo, Haas (1937) describes 
a *myodome ` in which arises the superior obligue eye muscle, and through which 
run two branches of the nervus ethmoidalis. 'There is no such canal in RAampholeon; 
instead, the planum supraseptale has a slight hollow with a bony roof formed by the 
prefrontal, in which the ethmoidal nerve (Fig. 6 NETH) and eye muscle lie (MOS). 

The maxillaries (Fig. 7 M), which bear highly acrodont teeth, are separated from 
each other dorsally and anteriorly by the fused premaxillaries. Ventrally, just 
posterior to the fused premaxillaries, the maxillaries are connected together by a 
suture for duite a considerable distance, forming an incipient secondary palate. 
Parker (1881), in his description of the adult and young of C. vulgaris, is not very 
explicit on this point, but from his illustrations it would appear that the same condition 
exists here. M. pumila also has this incipient secondary palate. 'The anterior portion 
of the vomer (V) is clamped between the maxillaries. Posteriorly they diverge at a 
slight angle to dwindle away on the jugals behind the orbits. Each maxillary has a 
well developed dorsal process which meets the prefrontal (Fig. 9) and separates the 
external naris from the orbit. Each maxillary has an extensive palatal ledge on its 
median aspect which supports the vomer, as mentioned above, and forms the roof of 
the mouth laterally. Further back, that part of it which Fuchs (1908) called the 


56 


processus medialis forms a support for the lateral edge of the cartilago ectochoanalis 
(Fig. 4 PPOM), and supports the processus maxillaris of the palatine. 


Figure 15 


Transverse section through the hypoglossal foramen. 


AV, accessorio-vagus nerve; GP, glossopharyngeal nerve; H, hypoglossal nerve. Other abbrevia- 
tions as in previous figures. 


The processus maxillaris posterior of the antorbital cartilage lies partly on the 
palatine and partly on the maxillary just at the junction of these two bones. The 
ramus maxillaris (Fig. 6 RMA?X) of the nervus trigeminus, together with the arteria 
facialis (AF) (Versluys, 1898), runs in a groove below this process. Later they enter 
a channel in the maxillary out of which several foramina open laterally. Before 
penetrating the bone, the ramus maxillaris sends a branch accompanied by a blood- 
vessel to the lining of the choana. A groove, into which a ridge on the jugal fits, is 
present on the dorsal surface of the maxillary, ensuring rigidity for the upper jaws 
(Fig. 10 JU and M). In the angle between the two bones is attached the transversum 

TR). 

, ee anterior tip of the single median vomer (Fig. 7 V) is supported by the maxil- 
lary. Posteriorly the vomer lies between the paired anterior processes of the palatines 
(Fig. 5 PAL). It is spatulate in shape with the curve of the nasal septum lying in its 
groove. For the greater part of its course it lies between the median edges of the 
laminae transversales anteriores. 

The palatines are a pair of large bones separating the orbits from the buccal 
cavity (Fig. 7 PAL). 'They are contiguous medially, but anteriorly two processes 
surround the vomer, while posteriorly they diverge at an acute angle where they lie 
on the anterior processes of the pterygoids. Where they diverge posteriorly the 
palatal roof between them is strengthened by a dense layer of connective tissue (Fig. 
10). The posterior boundary to the choana is formed by the processus maxillaris 
of the palatine. 'The orbitonasal groove, which becomes progressively deeper 
posteriorly, is formed by the two palatines, which curve sharply upwards and meet 
each other immediately beneath the interorbital septum. (On the edge of the curve 
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near the centre is a foramen in the palatine for the ramus palatinus of the facial 
nerve. 'The palatines are attached to the planum supraseptale by dense connective 
tissue at a point just lateral to their anterior processes (Fig. 6 PSS$). The processus 
maxillaris of the palatine covers over the groove in the maxillary for the ramus 
maxillaris of the trigeminal nerve and the arteria facialis for a short distance. 'This 
groove is also closed by the cartilaginous processus maxillaris posterior of the antorbi- 
tal cartilage. 


Figure 16 


Transverse section through the basi-trabecular joint. 
MPT, mesopterygoid cartilage. Other abbreviations as in previous figures. 


Like the palatines the pterygoids (Figs. 7 and 9 PTG) are a pair of wing-like bones, 
situated obliguely in the skull, with their dorsal surfaces facing outwards. Anteriorly 
they lie ventrally to the palatines as thin lamellae of bone which broaden out suddenly 
at their junction with the transversa (Fig. 10). Posteriorly they do not reach to the 
guadrates. Laterally each pterygoid is attached to the transversum, while medially 
it forms a eudiarthrodial joint (Haines, 1942) with the basitrabecular process. Near 
the processus basitrabecularis, the upper edge of the pterygoid thickens, and at the 
articulation the bone is Y-shaped in section, the processus basitrabecularis lying 
between the arms of the Y (Fig. 16). Behind the joint, the musculus protractor 
pterygoidei (Lakjer, 1926) (Fig. 11 PP) runs between the arms of the Y and the basitra- 
becular process. On account of the unigue obligue postion of the pterygoid, the 
insertion of the musculus adductor internus pterygoideus (Lakjer, 1926) (AIPT) 
is peculiar in that the fibres run from both the lateral and median surfaces of this bone 
to the lower jaw. Those from the median surface (i.e. the ventral surface in the more 
conventional Lacertilia) are extremely well developed, stretching from the point 
where the transversum is attached to the pterygoid to where it eventually dis- 
appears. As the pterygoids do not meet in the middle line, the roof of the mouth 
is completed by a continuation of the strong connective tissue which serves the 
same purpose between the posterior parts of the palatines. 

The transversum is a small bone interposed between the pterygoid and maxillary 
(Fig. 7 TR). Tts suture with the pterygoid is complicated and stretches ventrally 


duite some distance in company with it. 'The bone is slightly arched so as to allow 
the lower jaw to close. 
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The jugal (Fig. 9 JU) forms the ventro-lateral, as well as a considerable portion 
of the posterior, border to the orbit. Its ventral surface is attached to the maxillary 
in the manner already described (Fig. 10). Posteriorly it rises steeply to meet the 
postorbital and complete the postorbital arch. As mentioned before, it forms, 
together with the maxillary, a lateral support for the transversum. A branch of the 
ramus maxillaris of the trigeminal passes straight through it to lie on its lateral 
anterior aspect. 

Camp seems undecided whether it is the postfrontal or postorbital which is 
present in RAiptoglossa, but, from the relations of this bone with the other bones of 
the temporal region in Rhampholeon, it is clearly the postorbital and not the post- 
frontal which forms the postero-dorsal border to the orbit.” The postfrontal is 
usually a much smaller element which neither partakes in the formation of the upper 
temporal arch nor joins the jugal. In RAampholeon the postorbital (Fig. 9 PO) meets 
the jugal ventrally, the latter fitting in a V-shaped groove on the outside surface of 
the former which stretches down medial to the jugal to where it is attached to the 
transversum. Dorsally it supports both the parietal and frontal, being attached to 
these two bones at their common suture. Posteriorly it is gradually supplanted by 
the sguamosal in the superior temporal arch (Fig. 13 SO). Both the postorbital and 
Supratemporal arches are well developed, the musculus adductor mandibulae externus 
(Lakjer, 1926) (AE) being attached in a large measure to the postorbital and the 
Sguamosal. 

The sguamosal (Fig. 9 SO) is strongly developed where it forms the superior 
temporal arch with the postorbital. It is seldom in ordinary lizards that the 
Sguamosal plays such a large part in the formation of the superior temporal arch. 
Ventrally it has a short pedicel which rests on the head of the guadrate. Dorsally 
it is connected with the parietal by a thin arm of bone which forms the posterior 
border of the superior temporal fossa. Its suture with the parietal is in the form of a 
groove in which the flattened edge of the sguamosal fits. 'The sguamosals do not 
meet in the midline, as there is a thin wedge of parietal between them. 

The tabular (Fig. 14 TAB) lies on the inside of the sguamosal, wedged between 
it and the auditory capsule to which it is slightly synostosed. 'There is a small 
ridge running obliguely up the outside of the tabular which fits into a furrow in the 
sguamosal. 'The two are connected syndesmotically. 

There is no well-developed crista parotica protruding behind the guadrate, as 
may be found in Lacerta. Tnstead, the head of the guadrate bears against the tabular 
and sguamosal and a slight lateral projection of the otic capsule wall (Fig. 14). 'The 
guadrate is attached to the surrounding parts by dense connective tissue which should 
allow a limited amount of movement. 'The musculus adductor mandibulae is 
inserted on the anterior surface of the sguamosal, while posteriorly the depressor 
mandibulae finds attachment. A few of the adductor fibres are also attached to the 
tabular. 'This bone is so hidden behind the sguamosal that it is not possible for many 
muscle fibres to find attachment there. 


THE LOWER JAW 
When speaking of the lower jaw in reptiles v. d. Klaauw (1947, p. 297) says: 
“ Doordat in den regel één of meer der .. . elementen ontbreekt en doordat de meeste 


elementen geen of weinig specifieke kenmerken vertoonen, is de homologisatie vaak 
zeer moelijk ”. As nothing is known about the development of Rhampholeon, only 
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tentative suggestions can be made concerning the homology of the various bones 
comprising the lower jaw. Camp (1923) notes that in the Chamaeleontidae the 
splenial is absent, and that in the genus Brookesia the articular, prearticular (gonaal), 
and surangular, have fused. In view of this fact, it would appear that exactly similar 
conditions obtain in RAampholeon. 


CR 


MM 


Figure I7 


Graphic reconstruction of the lower jaw; median aspect. 
A, angular; LS, lamina symphyseos. Other abbreviations as in previous figures. 


Meckel's cartilage (Fig. 17 MK) is a thin cartilaginous bar in synchondrotic 
continuity with its partner. It is rather unigue amongst the Lacertilia in having 
no dermal bones except the coronoid covering it medially. 

The dentary (D) is a very large bone, connected to its partner by dense connective 
tissue. 'The splenial is not evident; either it has fused with the dentary, or, what is 
more likely, it has been lost. The articular and surangular are fused (AR) and behind 
are continuous with the gonial (G) to form a retroarticulatory process. Anteriorly 
this compound bone and the gonial are separated by dense connective tissue. 
Anteriorly the gonial is of a very distinct H-shape, the small splint-like angular (A) 
fitting in between the “* legs ” of the “* H”, while Meckel's cartilage lies between the 
“arms ”. 'The coronoid (CR) is a large bone and rises well above the general 
height of the jaw. It has fibres of the musculus adductor mandibulae attached to 
most of its external surface. lt has a ventral process lying median to Meckel's 
cartilage, being the only bone which does so. 

There is a striking absence of foramina for the exit and entry of nerves, most 
nerves and blood-vessels passing through between the bones, or, as is more common, 
between a bone and Meckel's cartilage. The most conspicuous are the four foramina 
dento-facialia (Versluys, 1936) on the antero-lateral surface of the dentary. Posterior- 
ly the chorda tympani enters the lower jaw medially through a foramen in the 
““ compound ” bone plus the gonial. Tn the suture between the dentary and the 
“ compound ` bone a large maxillary branch of the trigeminal nerve enters the shallow 
canal in which the chorda tympani lies, and follows a course together with it just 
above Meckel's cartilage. In the anterior portion of the lower jaw, the mervus 
mandibularis, now known as the nervus alveolaris inferior, leaves the sulcus 
primordialis (Gaupp, 1911 as guoted by Versluys, 1936) for a canal of its own, the 
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canalis alveolaris inferior, within the dentary out of which open the four foramina 
dento-facialia. 


CONSIDERATION OF KINESIS 


Of Microsaura ventralis Brock (1941, p. 238) says: “Thus the skull of the 
chamaeleon though very definitely streptostylic as regards the condition of the 
guadrate and the lower jaw, is akinetic as regards the relationship of the Maxillary 
segment to the Occipital segment of the skull”. In RAampholeon the guadrate is 
syndesmotically attached to the otic capsule, sguamosal and tabular, and is therefore 
monimostylic. It is nevertheless guite possibly capable of very limited movement. 
Another point worthy of note is that the crista parotica around which the guadrate 
usually hinges is absent. Mention has alread been made of the sliding basitrabecular 
joint, but in spite of this the skull seems to be akinetic. A limited amount 
of movement may take place at this articulation, should it be necessary for the palatine 
and pterygoid to bend to accommodate the phenomenally large tongue. 'The suture 
between the parietals and the ossified supra-occipitals is a very rigid one, the two 
bones being attached to each other by a series of complementary longitudinal grooves 
and ridges that definitely exclude any possibility of metakinesis (Versluys, 1912). 
The skull roof in the fronto-parietal region is thin and should be able to bend slightly, 
but nevertheless even mesokinesis seems impossible when the overall structure of the 
skull is taken into account. 'The relationships of the postorbital and supratemporal 
arches, both of which are extremely sturdy, to the rest of the skull are such as to lend 
rigidity to the whole. The postorbital-sguamosal arch is lateroventral to the parietal. 
and not lateral as is the case in many Lacertilia. The postorbital is attached across 
the fronto-parietal suture, and there is very little connective tissue between all these 
bones. 'Thus there seems to be little doubt that the skull of RAampholeon, despite 
the well-developed basitrabecular joint, is akinetic. 'This is further borne out by the 


fact that the musculus levator pterygoidei is absent and the protractor pterygoidei 
very small (Lakjer, 1926). 


GLANDS OF THE BUCCAL CAVITY 


As is to be expected from the peculiar mode of feeding found in all chamaeleons, 
the walls of the mouth cavity, and especially the tongue of RAampholeon, are well 
supplied with glands. 'The glands at the back of the mouth, called by Fahrenholz 
(1937) glandulae sphenopterygoideae, are absent. 'The tip of the tongue, and its 
dorsal surface for a short distance, are closely beset with small glands opening 
separately. These glands are known as (using Fahrenholz's terminology) glandulae 
linguales. Further back, the rest of the muscular tongue knob (Zoond, 1933) is 
covered by thin epithelium and is guite devoid of any glandular tissue. 'This 
concentration of glands on the tip is probably correlated with the use to which the 
Chamaeleom's tongue is put: viz., being used only for the capture of food and not 
in mastication. When at rest, the posterior portion of the tongue lies in a sheath 
below the mouth cavity. 

In the extreme front of the mouth between the rami of the lower jaw there are a 
large number of glands, the glandulae mandibulares mediales (Fig. 18 GMM), 
which open into a longitudinal slit in the floor of the mouth cavity. 'These glands 
probably assist the glandulae linguales in making the tongue tip sticky. Posteriorly, 
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MM 


Figure 18 


Transverse section through the lower jaw in the region of the glandulae mandibularis medialis. 
GLI, glandulae labialis inferior; GMM, glandulae mandibularis medialis. Other abbreviations 
as in previous figures. 


and only distinguishable from the above mentioned glands by the fact that they do 
not open into this slit, but rather into the groove on either side of the tongue near 
the mandible, are the glandulae mandibulares laterales. 'These end posteriorly where 
the opening of the sheath in which the tongue lies, closes dorsally. Behind this 
point the buccal cavity is lined with columnar epithelium. 

The glandulae crico-arytaenoideae lie on either side of the rina glotidis. 'They 
follow the trachea back for a little way, but open anteriorly in the small furrow which 
precedes the opening of the trachea. As there is no organ of Jacobson present in 
Rhampholeon, it is impossible to divide the glandulae vomerales into an anterior and 
a posterior portion. 'The “* vomerpolster ” consists almost entirely of this type of 
glandular tissue. The glands begin in the anterior portion of the roof of the mouth 
and end at the inner choana (Fuchs, 1908) where the “* vomerpolster ” also ends. 
Anteriorly there is no distinction between the former glands and the glandulae 
palatinae which lie laterally in the roof of the mouth. 'The glandulae palatinae 
lie on the lateral borders of the choanae, while the glandulae vomerales lie between 
them. Behind the nasal capsule the glandulae palatinae are distinctly divided into 
inner and outer groups: one lying close to the tooth row, while the other lies more 
medially near the orbitonasal groove. 

The glandulae labiales, superiores and inferiores, are well developed, especially 
anteriorly. At the corners of the mouth, however, there is for a little way a sudden 
increase in the number of glandulae labiales inferiores. 'There are comparatively 
few glandulae dentales. 


SUMMARY 


1. 'The nasal capsule is characterised by compression and obliteration of the nasal 
septum; reduction of fenestrae; dorsal rotation of the anterior regions and 
with it of the lamina transversalis anterior; and absence of a concha nasalis, 
paranasal cartilage, and planum antorbitale. 

2. The organ of Jacobson and the cavum antorbitale are absent, and the choanal 
passages short. 'There is a relatively well-developed ductus nasopharyngeus. 

3. AT the usual buccal glands are present except the glandulae sphenopterygoideae. 
The glandulae dentales are few in number. 
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10. 


it. 


There is considerable reduction and fusion in the orbito-temporal region of the 
chondrocranium. A portion of the taenia medialis, and the whole of the taenia 
marginalis, are absent. 

The auditory capsule is similar to that of Lacerta in general outline, except that 
it has an enormous processus anterior tecti, and that the fissura metotica is 
absent. 


The columella auris is greatly reduced and has no footplate. The middle ear 
cavity is absent. 
There is only one large lateral fenestra, of doubtful significance, in the otic capsule. 
The glossopharyngeal nerve leaves the cavum cranii by a foramen of its own. 
The parietal, aided by the unigue sguamosals, forms a prominent casgue. 'The 
maxillaries bear acrodont teeth and meet each other behind the premaxillaries in 
the palate. An unpaired vomer and paired tabular are present, but alisphenoids 
(epipterygoids) are absent. 'The pterygoids do not meet the guadrate. 

The skull is akinetic and guadrate monimostylic, nevertheless there is a well- 
developed eudiarthrodial basitrabecular joint. No crista parotica or intercalary 
is present. 

The fused articular and surangular of the lower jaw are partially synostosed to 
the gonial. Meckel's cartilage is exposed medially except where it is covered by 
the coronoid. 

Owing to the absence of the organ of Jacobson, a functional columella auris, a 
Crista parotica or intercalary, and an alisphenoid, RAampholeon must be regarded 
as being more specialised than was formerly supposed, its only clearly primitive 
character being the retention of a. basi-trabecular joint. 
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EXPLANATION OF LETTERING 


A — angular 

ADI — arteria dentalis inferior 

AE — adductor externus 

AF — arteria facialis 

AIPS — adductor internus pseudotemporalis 
AIPT — adductor internus pterygoideus 

AN — abducens nerve 

APN — arteria palatino-nasalis 

AR — fused articular, prearticular and surangular 
AV — ACCEssOTrlio-vagus nerve 

BOC — basioccipital 

BT — basitrabecular process 

CA — cupola anterior 

CAU — columella auris 

EL — carotis cerebralis 
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— cartilago ectochoanalis 

— choanal fold 

— choanal grooves 

— chorda tympani 

— coronoid 

— dentary 

— ductus endolymphaticus 

— duct of the lateral nasal gland 
— musculus depressor mandibulae 
— ductus nasolacrimalis 


— epiphanial foramen 
— exoccipital 
— mass of cells near Eustachian tube 


— frontai 

— fissura apicale 

— foramen for abducens nerve 
— foramen accusticum posterius 
— foramen for accessorio-vagus nerve 
— fenestra basicranialis posterior 
— carotid foramen 

— foramen for facial nerve 

— foramen for hypoglossal nerve 
— fissura lateralis nasi 

— optic fenestra 

— fenestra olfactoria 

— fenestra for ramus palatinus of V 
— fenestra septalis 

— fossa subarcuata 

— gonial 

— ganglion ciliare of V(o) 

— ganglion Gasseri 

— glandulae labialis inferior 

— glandulae mandibularis medialis 
— glandula lateralis nasi 

— glossopharyngeal nerve 

— hypoglossal nerve 

inner choana 

internal carotic artery 

inner choanal fold 

interorbital vein 

jugal 

lamina symphyseos 

lamina transversalis anterior 
maxillary 

Meckel's cartilage 

— musculus obliguus superior 


IN II 


mad 


II 
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— mesopterygoid cartilage 


nasal 

nasal cavity 
ethmoidal nerve 
hyomandibular nerve 
nervus olfactorius 


outer choana 
orbitonasal canal 
orbitonasal groove 


— pila accessoria 

— processus alaris inferior 
— palatine 

— pila antotica 

— parietal 

— processus anterior tecti 
— parietotectal cartilage 

— prefrontal 

— premaxillary 

— pila metoptica 

— postorbital 

— musculus protractor pterygoideus 
— processus palatinus ossis maxillaris 
— prootic 

— processus maxillaris 

— planum supraseptale 

— pterygoid 

— guadrate 

— ramus lateralis of V 

— famus mandibularis of V 
— Tamus maxillaris of V 
— Tamus medialis of V 

— ramus palatinus of VII 


— stapedial artery 

— jinterorbital septum 
— septum nasi 

— Supraoccipital 

— sphenoid 

— sguamosal 

— tabular 

— taenia medialis 

— transversum 

— tectum synoticum 
— tuberculum sphenoccipitale 
vomer 

vena capitis lateralis 
vestibule 

vomer pad (Polster) 
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